1 



READ-ONLY MEMORY HAVING SPECIALLY 
OUTPUT CIRCUITS AND WORD LINE 
CONNECTED TO A GROUP OF MEMORY 

CELLS I 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This is a continuation of International Application PCT/ 
DE96/02241, filed on Nov. 2U 1996, which designated the 
United States. , 

BACKGROUND OF THE INVENTION j 
L Field of the Invention 

The present invention relates to a read-only memory 
which has a multiplicity of memory cells whose contents can 
be read out with appropriate ad<kessing by word, bit and 
source lines. The memory cells which can be addressed via 
an individual word line are divided into a miiltiplicity of 
groups, to each of which a separate common source line is 
assigned. The bit tines of di£ferent gcovps of memc»y cells 
are connected via connecting devices with common data 
output lines for outputting die data stated in the memoiy 
cells firom the read-only memory. 

Read-only memcmes (ROM, PROM, EFROM, EEPROM 
and the like) and methods for addressing the same are well 
known in the art A practical example of the structure and 
addressing of a conventional read-only memory are 
explained below. 

A typical ROM has a multiplicity of memory cells whose 
contents can be read out with corresponding addressing by 
word, bit and source lines. In the case of a ROM, in contrast 
to some other types of read-only memories (for example 
EPROM and EEPROM), the memory cells have a structure 
which depends on the information C*0'* or "i") to be 
provided during the read-out. In one embodiment of the 
ROM, a transistor is used, and, in a second embodiment, Ae 
transistor is omitted without a leplacenoent and the signal 
lines (word, bit and source line) which are otherwise con- 
nected to the transistor run &ee. 

However, in these prior art devices, the current consump- 
tion during reading is relatively high and reading takes a 
relatively long time. 

SUMMARY OF THE INVENTION j 

It is accordingly an object of the invention to provide a 
read-only memory and method for addressing die same' 
which overcome the hereinafore-mentioned disadvani^es 
of the heretofore-known products and methods of this gen- ! 
eral type, and where the reading out of data from the ROM \ 
can be carried out faster and with a reduced power con- j 
sumption. j 

With the foregoing and other objects in view there is 
provided, in accordance with the invention, a read-only ■ 
memory, including word lines, bit lines and source lines, ; 
each of the bit lines having a bit line potential; a multiplicity | 
of memory cells connected to the word lines, the bit lines 
and the source lines, the memory cells having data contents ! 
and the data contents are read out with sq^propriate address- 
ing of the word lines, the bit lines and the source lines, the 
memory cells are addressed by an individual woid line; the 
memory cells are divided into a multiplicity of memory cell 
groups, each of the memory cell groups has a separate 
conunon source line, the memory cell groups fot^oing a 
memory ceU array; cQmmon data output tines; and connect- 
ing devices connected between the bit lines of the memory 
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cells of the memory cell groups and the common data output 
lines for outputting the data contents stored in the memory 
cells, the connecting devices operating under sole depen- 
dency on the bit tine potential. 

Accordingly, it is provided that the memory cells which 
can be addressed via an individual word line are divided into 
a multiplicity of groups. Each of the groups have a separate 
common source line, and group-by-group reading out of the 
memory cells which can be addressed via an individual word 
line are carried out. 

These measures make it possible to address, for the 
purpose of reading out, only those memory cells whose 
contents are actually intended to be outputted from the 
read-only memory. More precisely, during tiie reading out of 
the data from the memory cells, any possibly occurring 
discharge processes of the precharged bit lines can be 
selectively restricted to quite specific regions within a row of 
the memory cell array. This linuted or partial reading 
capability has not been previously possible to date on 
account of the provision of only a single common source line 
for all the memory cells of the memory cell array (the 
discharge of the precharged bit lines could only take p^Ke 
in units of rows of the memory cell array). 

Specifically, if the source line of a mem<»y ceU ffwxp 
which is to be read out. is put at a potential suitable for 
reading (for example 0 V) and ^ source line of a memciy 
ceU grmip which is not set to be read out» is put at a potential 
which is not suitable for reading (for example at a 
voltage of. for exanq>le, +5 V), then Ae {He<^iarged bit 
line(s) can be discharged exclusively within the memcvy cell 
groups to be ou^utted, where: 

1) no switching-on of one or more transistor or transistors 
which may be present per memory cell, and 

2) no discharge of the precharged bit lines take place 
within the other groups not selected to be read out 

This quite obviously leads to a considerable power sav- 
ings. By virtue of the fact that a read operation is carried out 
at only a relatively few memory cells, owing to the grot^ 
by-group read-out, the fewer data outputs can be passed 
directly, omitting the customarily provided multiplexer, to 
data output or bus lines which are provided in an ^prc^jriate 
number. From the bus lines, the data can be ouq)utted from 
the read-only memory without additional, complicated 
selection methods and devices. Dispensing with the multi- 
plexer leads to further power savings and to considerably 
earlier output of the data to be read from the read-only 
memory. 

The read-out of data from the read-only memory can 
consequently be carried out considerably faster and with 
reduced power consumption. The read-only memory can 
furthermore, due to the possible omission of the extremely 
costly multiplexer* be produced more simply and smaUer, 

In accordance with an added feature of the invention, at 
least some of the memory cells each have at least one 
transistor. 

In accordance widi another feature of the invention, the 
memory cells are each connected to a word line, a bit line 
and a source line. 

In accordance with an additional feature of the invention, 
the memory cells are disposed in rows and the memory cells 
disposed in the same row of the memory cell array are each 
connected to the same word line. 

In accordance with yet another added feature of the 
invention, the memory cells are disposed in coliunns and the 
memory cells disposed in the same column of the memory 
cell array are each connected to the same bit Une. 



In accordance with yei another feature of the invention, 
the memory cells are (tisposed in columns and the memory 
cells disposed in the same colunm of the memory cell array 
are each connected to the same source line. 

In accordance with yet another additional feature of the 
invention* each of the memory cells are configured for 
storing a data bit 

In accordance with yet another further added feature of 
Ae invention, each of the memory cell groups are configured 
for storing a data word formed of data bits. 

In accordance with yet another further feature of the 
invention^ the data word is a data byte. 

In accordance with yet another finther additional feature 
of the invention, the memory cells of a memory cell group 
are distributed over a row of the memory cell array. 

In accordance with an added feature of the invention, the 
memory cell groups formed in the row of the memory cell 
array are the same size. 

In accordance with anodier feature of the invention, the 
memory ceD groups formed in the row of the memory cell 
array are of (Merent sizes. 

In accordance with an additional feature of the invention, 
each of the data output lines is connected to separate 
connecting devices, each of the separate connecting devices 
are connected to one bit line per memory ceU groups. 

In accordance with anodier added feature of the invention, 
each of the memory cells is connected to precisely one of the 
data ou^ut lizies. 

In acccxdance Mdtb another additional feature of the 
invention, the data ou^ut lines are provided in a number 
whidi corresponds to a number of ihc memory cells in die 
largest memory cell group. 

In accordance widi yet anodier added feature of the 
invention, the coimecting devices are configured to allow 
only selected memory cells of the memory cells to output &e 
data contents of the memoiy cells onto d^ data output lines. 

In accordance vntfa yet axKydier additional feature of the 
invnetion, the connecting devices are each configured to 
actively switch a signal to a corresponding data output line 
wbien a respectively assigned bit lixte changes its iK>tenl2al in 
a predetermined direction. 

With the foregoing and other objects in view there is also 
provided, in acccvdance with the invention, a method for 
addressing a read-only memoiy having a mult^>licity of 
memory cells storing data, word lines, bit lines, source lines, 
and coimnon data output lines, the memoiy cells being 
divided into a multiplicity of memory cell groiq)s, each of 
the memory ceU groups having a separate common source 
line and the memory cell groups forming a memory cell 
array being addressed by the word lines, the bit lines and the 
source lines, which includes carrying out a group-by-group 
read-out of the memory cells being addressed via an indi- 
vidual word line. 

In accordance with an- added feature of the invention, 
tiiere is the step of reading out only the memory cells whose 
data are subsequently also output from the read-only 
memory. 

In accordance with another feature of the invention, there 
is the step of reading out the data from only one of die 
memory cell groups. 

In accordance with an additional feature of die invention, 
diere is the step of applying a voltage suitable for changing 
a potential of an assigned bit line to the source line of the 
memory cell group to be read out 

In accordance with a concomitant feature of the invention, 
there is the step of applying a voltage which is unable to 
change a potential of assigned bit lines to the source lines of 
the memory ceD groups which are not to be read out 



Other features which arc considered as characteristic for 
the invention are set forth in the appended claims. 

Although the invention is illustrated and described herein 
as embodied in a read-only memory and method for address- 
ing the same, it is nevertheless not intended to be limited to 
the details shown, since various modifications and structural 
changes may be made therein without departing firom the 
spirit of the invention and wi&in the scope and range of 
equivalents of the claims. 

The construction and method of operation of the 
invention, however, together with additional objects and 
advantages thereof will be best understood from the follow- 
ing description of specific embodiments when read in con- 
nection with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit diagram of an exen:^lary embodiment 
of a structure of a memory cell array of a ROM according 
to the invention; 

FIG. 2 is a schematic diagram of a configuration for 
direcdy connecting data, read from selected memory cells of 
the ROM, to data output lines of an ou^ut bus; 

FIG. 3 is schematic diagram of the structure of a known 
ROM memory cell; and 

FIG. 4 is a circuit diagram of the structure of a conven- 
tional ROM memory cell array acc<»^g to the prior art 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to the figures of the drawing in detail and 
first, particuiariy, to FEO. 3 thereof, there is shown a known 
ROM memory cell including a txassistor Tl. 

In this case, die transistor Tl is in the form of a field-efiPect 
transistor Tl, whose source is coimected to a source line SL, 
whose drain is connected to a bit Hne BL and whose gate is 
coxmected to a word line WL. 

Tbeieading-out of **stcned" data from die ROM occurs as 
stated below. Hrst, dte bit line BL is charged by a prediarge 
^gnal to a specific potential, for exan4>le to approximately 
+4 V. Tbe bit line BL and its external ciicuinry are configured 
in such a way that, provided that the transistor Tl is in the 
off state or no transistor is present, it maintains die potential 
even after an intemq)tion of tbe connection to the precharge 
signal source. 

If the transistor Tl is addressed or selected for reading in 
this state, that is to say if a voltage of, for example, +5 V is 
applied via tbe word line WL to the gale of the transistor Tl 
and the source line SL is connected to earth, than the 
memory transistor Tl is switched on and the increased 
charge carriers on tbe bit line BL fiow away to earth via the 
transistor Tl, Tbe potential of die bit line BL consequently 
drops to 0 V. 

On the other hand, in the case of a memory ceil MC which 
does not have a transistor, the lack of the transistor means 
diat the potential ^plied to the bit line by the prechaige 
cannot dissipate, but rather is essentially maintained. 

The potentials of tbe bit line BL, which potentials depend 
on die memory contents of the respective memory cell, 
consequendy enable the memory contents to be determined. 
Although other types of read-only memories may have a 
completely different structure of the memory cells, they 
share features with the ROM memory cells insofar as they 
are cotmected to the same signal lines (word line, bit line, 
source line) and essentially the same signals are applied to : 
the signal lines for the purpose of reading, and a change in | 
the signals has comparable effects. i 
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The word line WL can» as in the case of the EEPROM, 
include a plurality of signal lines (selection line, control 
line), but this does not produce any fundamental change in 
the general addressing principle described. 

Like the memory cells of other types of read-only 
memories, the memory cell shown in FIG. 3 can be com- 
bined to form a memory cell array. 

The structure of such a memory cell array is illustrated in 
FIG. 4. FIG. 4 is a diagrammatic illustration of a memory 
cell array of a conventional read-only memory. 

The nfiemory cell array shown has a multiplicity of 
individual memory cells MC according to FIG. 3 which are 
identified by an 'V and are disposed in a plurality (m) of 
rows and a plurality (n) of columns. 

The n elements of each row of the memory cell array are 
in each case connected to a common word line Wl^ 
WL, . . . WL„ (if impropriate including a selection line and 
a control line). The m elements of each colunm of (he 
memory cell array are in each case coimected to a cotmnon 
bit line BL^. BL, . . . BL„. The source lines SL for aU the 
memory cells MC of the menaory cell array are combined to 
form a common source line. 

The interconnection of tiie memory cells to form tbc 
memory cell array shown in FIG. 4 has a matrix-like 
structure. The matrix-like structure enables the contents of 
the memoiy ceils MC to be ou4)utted individually fnm die 
read-only memofy with relatively little control outlay by use 
of sq>propriate addressing of ttie word, bit and source Mnes. 

According to the invention of the instant ai^licadoii, 
there is shown in FIG. 1 amuJtiplicity of memory cells MC 
(for example memory cells of Ae type shown in FIG. 3) 
which are each identified by the symbol **o" and are arranged 
in a multiplicity (m) of rows and a multiplicity (n) of 
columns. 

The n elements of each row of the memory cell array are 
in each case cormected to a common word line WL^, 
WLj, . . . WL„ (if appropriate also including a selection line 
and a control line). The m elements of each column of die 
memory cell array are in each case connected to a common 
bit line BL^* BL^ . . . BL„. 

In contrast to the conventional memory cell array shown 
in FIG. 4, however, the source lines SL of die memory cells 
MC are no longer combined to form a source line SL 
common to all of the memory cells MC of the memory cetU 
array. Rather any desired niultiplicity of separate source 
lines SL are provided (SLq, SLj and SL2 are shown by way 
of example in FIG. 1), each of which is assigned to a specific 
group of memory cells MC within a row of the memory cell 
array. In other words, the memory cells MC of a row of the 
memory cell array are divided into a plurality of groups^ 
each of which has a separate source line, which is, however, 
common to the memory cells of a respective group. 

As a rule, a memory ceil group will in practice contain as 
many memory cells as a data word (for example a byte) has 
bits, and a multiplicity of identical memory cell groups of 
this type lying next to one another (strung one after the 
other) will be provided per row of the memory cell array. 

In general terms, however, each row of the memory cell 
array can, depending on the requirement, have any desired 
multiplicity of groups (at least two), which may be the same 
size or have different sizes, may include any desired number 
of memory cells MC (at least one) and whose individual 
elements or memory cells MC may be distributed as desired 
over the row of the memory cell array. 

One of the resultant possibilities, which departs from die 
aforementioned rule, then consists, for example, in combin- 
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ing the memory cells MC of every xth data word within a 
row of the memory cell array to form a group (in order, for 
example to be able to read out only characters of a text to be 
displayed, but not the display attributes respectively 
assigned to them). 

The illustration of FIG. 1 shows three memory cell 
groups. The first group (the left-hand group accor(^g to 
FIG. 1) includes the memory cells MC which are situated 
next to one another and whose source lines are combined to 
form a separate common source line SL©. The adjoining 
second group (the middle group according to FIG. 1) 
includes the memory cells MC which are situated next to one 
another and whose source lines are combined to form a 
separate common source line SL). The third group (ti^ 
right-hand group according to FIG. 1) includes the memory 
cells MC which are situated next to one anodier and whose 
source lines are combined to form a separate c(mmKm 
source line SLj. 

In FIG. h ^e group division is die same for all the rows 
of the memory cell array. The respective common source 
lines of the mutually corresponding groups in different rows 
of the memory ceU array are connected to one anodiei: 
Although a structure of this type limits the necessaiy coin- 
plexicy for realizing the memory cell axray, it is, of course^ 
not mandatory. Rather each row of the memory ceU array 
can be subdivided as desired conq>letely independeody of 
the odier n>ws and the source lines of the reactive groops 
can be laid and driven completely independently <^ one 
anodier. i 
Tbe described configuration of the memory cell array 
permits (using an appropr iate control device) gfoup-by- 
group addressing (selection) of the memc»y ceUs MC wfaidi 
can be addressed via an individual wonl line WL. It is 
possible for a group, as already indicated above, also to 
include just a single memory cell in die extreme case. 

This has an extremely advantageous effect particular 
when reading out data. In the case of conventional memory 
cell arrays, as already mentioned in die introduction, the 
reading-out of data £com memory cells MC (in contrast to 
the output of data from die read-only memory) was possible 
only in units of rows of the whole memory cell array. 

Selective reading out from an individual group within a 
row of die memory ceil array takes place largely as in die 
case of conventional read-only memories (see FIG. 3 and the 
description referring thereto). 

In contradistinction to conventional read-only memoes, 
however, the voltage required for reading (in the present 
exemplary embodiment 0 V) is applied via the correspond- 
ing source line(s) only to those source connections which are 
to be read. Those memory elements of the relevant row of 
the memory cell array which are not to be read or are not 
required for the output, have a source voltage applied to 
them (in the present example a high voltage of, for exan^le, 
+5 V) which is not suitable for reading. In other words, die 
voltage prevents the discharging of the precharged bit line 
BL via one or more transistors. 

Since, on the one hand, only the transistors of the memory 
ceUs MC actually of interest are switched into the on state 
and consequendy, on the other hand, also only diose bit lines 
are discharged whose state is of interest for the output the 
power consumption during the read-out of the data is 
reduced to a fraction of that which is necessary when data is 
read out firom a conventional read-only memory. 

The fact that the bit lines BL of the memory cells MC 
which are not of interest,^ not discharged during reading 
of the data of interest can also be used to good effect for the 
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capability of passing the read data of the memory cells MC 
selected by the source lines SL (in contrast to the data of the 
respectively unselected memory cells) to the bus lines via 
which the data can be directly outputted to. That is to say 
without the interposition of the customarily provided mul- 
tiplexer or the like from the read-only memory. 

This extremely advantageous effect is explained below 
witii reference to FIG. 2. FIG. 2 illustrates how a signal can 
be brought onto an output bus line as a function of the state 
of the bit line of a selected memory cell. 

In the explanation which foUows, the following premises 
are taken as a basis for reasons of clarity. It will be assumed 
feat the n elements of each of the m rows of the memory cell 
array shown in FIG. 1 are divided into i groups of the same 
size, where each group may have a number of memory cells 
MC which correspond to the number of bits of the stored 
data words. In the present exemplary embodunent, the data 
words will be bytes, with the result that each of the i groups 
comprises memory cells. 

Of the 8 memory cells MC of the m * i gro\q)s, a 
respective first memory cell MC is assigned to a first bus 
Hne, a respective second memory cell MC is assigned to a 
second bus line, a respective third memory cell MC is 
assigned to a third bus line, a respective fourth memory cell 
MC is assigned to a four& bus line, a respective fiftti 
memory cell MC is assigned to a fifth bus line, a re^>ective 
sixdt memoiy cell MC is assigned to a sixfe bus line, a 
respective seventii memory cell MC is assigned to a seventh 
bus line and a respective eighfe memory cell MC is assigned 
to an eighfe bus line. 

The omnection of an xth n^mory cell MC of any desired 
group to the xth bus line is illustrated for a ROM in FIG. 2. 
The use of other read-only memories requires sligjht 
modifications, under certain circumstances, in accordance 
with ibe different conditions. 

Accocxiing to FIG. 2, die arrangement has NMOS field- 
effect transistors Tl and T2, PMOS field-dOSsct transistors 
T3, T4 and T5 and invetters II, 12 and 13, which are 
connected in the manner shown to tiie word line tiie bit 
line BL, file source line SL of a bus liiie BUS, a {Hiechaige 
tine PC and a voltage V^^ of, for example, approximately 
5 V. The transistor Tl is equivalent to the ROM memcwy cell 
transistor shown in HO. 3. 

At the begiiming of each read cycle, a low voltage of, for 
example, 0 V is momentarily ^lied to the prechaige line. 
The effect of this is that, on tl^ one hand, the buslines BUS 
are puUed to earth potential via ihe transistor T2 u^cb then 
switches on (for diis purpose the first inverter II can be 
connected in the maimer shown via respective transistors T2 
to all the bus lines present) and Aat, on the other hand, the 
bit line BL is raised to the potential VjryQ via the transistor T3 
which then switches on. 

The inverters 12 and 13 connected to the bus line BUS 
form a holding element which holds the potential of the bus 
line at earth potential when the transistor T2 faUs back into 
tile off state (a holding element of this type is provided for 
each of the bus lines). The inverter 12 is in each case weak 
in relation to the transistor T5, 

The bit line BL likewise maintains its potential when the 
transistor T3 falls back into the off state, because the bus 
potential (earth) present at the gate coimection of the tran- 
sistor T4 switches the voltage V^^ to the bit line via the 
transistor T4. The operation described is the same for all the 
memory cells MC of a memory array. 

Firstly, the connection of a stored item of data from a 
selected memory^ cell (the word line WL is at a voltage. 
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suitable for reading, of, for example, +5 V, the source line SL 
is at a voltage, likewise suitable for reading, of, for example, 
0 V or at earth) to the bus line BUS will now be described. 

Upon application of the sigTials to the transistor Tl 
(selection) via the word line WL and the source line SL, the 
transistor Tl is switched on and actively pulls the bit line to 
the source line potential (earth) since the transistor Tl is 
strong in relation to the transistor T4. 

Due to the change in the potential of the bit line BL, the 
transistor T5 is switched on and switches V£>p to the bus. As 
a result of the transistor T5 switching on, the transistor T4 
goes into the off state, with the result that the bit line BL is 
then reliably coimecied to earth via the transistor Tl. 

If a memory cell MC having the transistor Tl is selected, 
the bus line BUS is put at a high potential which is actively 
driven by die transistor. 

If a ROM memory ceil which does not have a transistor 
is selected, the same situation exists as existed after die 
application of the precharge voltage via the precharge line 
PC, because without the transistor Tl the bit line BL which 
is actively kept at a high potential by the transistor T4 cannot 
be discharged. That is to say, if a ROM memosy cell which 
does not have a transistor Tl is selected, &e bus line BUS 
remains at eaxtfa potential. 

The bus line BUS has connected to it, as abeady men- 
tioned above, a multiplicity of furdier memory ceUs MC 
from other groups (one memory cell per other group) which, 
however, except for the first memcny cell MC just described, 
may all be in the unselected state. 

In order to ensure that the circuit shown in HG. 2 
functions as intended, the unselected memory cells must not 
exert any influence on the bus Hue BUS, since otherwise 
&ey mi^t change the data brought by the selected memory 
cells. 

That this is in actual fact always automatically &e case 
with the configuration shown in HG. 2, despite its simple 
structure, will now be explained. A memory ceD MC is 
unselected if the source line has a high level and/or if the 
word line has a low level. One of these conditions 
(sometimes both conditions, too) is met in all of the meroory 
cells MC, which either lie in die row of the memoty cell 
array whidi is selected by the word line, yet not in die groiq> 
selected by the source line, or lie in an unselected row of the 
memory ceU array. 

If die word Une WL and die source line SL potentials 
which exist in die case of non-selection are applied to die 
memory cell MC having the transistor Tl, the transistor Tl 
either remains in the off state (at a low word line potential) 
or the bit line is connected via the transistor to the high 
source tine potential. 

In both cases, the bit line BL catmot be discharged, but 
ratiier remains at the initial (prechaiged) high potential 
which switches off the transistor T5 and thus precludes 
active influencing of the bus line. 

In the unselected state, therefore, a memory cell MC 
having the ttansistor Tl behaves in a neutral manner v«di 
respect to the bus line assigned to it. 

The same also applies to die memory cell MC which does 
not have the transistor Tl, since the lack of the transistor Tl 
means that the bit line BL cannot actively be discharged 
independendy of the selection state of the memory cell MC, 
with the result that in this case, too, the transistor T5 remains 
in the off state and thus active influencing of the bus line is 
precluded. 

In the unselected state, therefore, the memory cell MC 
which does not have the transistor Tl likewise behaves in a 
neutral manner with /aspect to the bus line assigned to it. 



